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We, General Dynamics Corporation, a 
corporation organized and existing under 
the laws of the State of Delaware, United 
States of America, of One Rockefeller 
Plaza, New York, State of New York, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us. and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

The present invention generally relates to 
fuel bodies and more particularly relates to 
improved low gas permeability, graphite 
matrix, nuclear fuel bodies and to methods 
of making the same. 

The invention provides a method of mak- 
ing a solid nuclear fuel body having low 
gas permeability, which method comprises 
the steps of coating individual nuclear fuel 
particles with a protective layer of pyrolytic 
carbon, substantially uniformly dispersing 
said particles within a matrix of finely di- 
vided graphite, compacting the resultant 
mixture to a solid fuel body, impregnating 
a portion of the pores of said fuel body with 
a polymerizable substance, curing and car- 
bonizing said substance, repeating said im- 
pregnating curing and carbonizing until the 
gas permeability of said fuel body is sub- 
stantially reduced, and thereafter heat treat- 
ing said fuel body to partially graphitize 
said carbonized substance within the pores 
of said fuel body. 

The invention further provides a solid, 
high temperature nuclear fuel body having 
low gas permeability, which fuel body com- 
poses a plurality of nuclear fuel particles 
each of said particles being wholly enclosed 
in a protective pyrolytic carbon coating, a 
graphite matrix in which said particles are 
substantially uniformly dispersed, and a 
cured, carbonized^ and partially graphitized 
[Pri 



substance filling a substantial portion of the 
pores within a distance of at least one- 45 
eighth inch of the surface of said fuel body 
so that said fuel body has a substantially 
reduced gas permeability as compared with 
a non-impregnated graphite body. 

In operating nuclear reactors, it is usually 50 
highly important to restrict as far as pos- 
sible fission product migration from the 
nuclear fuel into the environment around the 
fuel, such as the coolant stream. This re- 
duces the degree of radio active contamin- 55 
ation of the reactor and minimizes health 
hazards, etc. High temperature nuclear re- 
actors operating at, for example, tempera- 
tures in excess of about 1000° C. are espec- 
ially subject to the problem of control of 60 
fission product migration because fission 
product migration generally increases with 
temperature. 

It must also be understood that it is im- 
portant to prepare the nuclear fuel for a 
nuclear reactor in a form which will be 
durable and stable under the conditions of 
operation m the nuclear reactor. It has 
& difficult to obtain nuclear 

K ^ hlc J 1 1 w,U be durable and stable 
throughout long periods of continued use 
n\ high temperature reactors. One form of 

g h wKS?^vT !tor which is kn0WD ** 

tlie HTGR (high temperature graphite re- 
actor) employs sol d fuel bod& in which 75 
the nuclear fuel is mixed with graphite 

cribed in Nucleonics, Volume 18, Number 
1, pp. 86-90 published January 1960 
Various procedures have been* devised 80 

tS^wK^ U ? Qn ? f ™ clear ^e] bodies 
for an HTGR type of high temperature nuc- 
lear reactor. Fuel bodies have been con- 
structed which have a relatively low per- 
meability to fission product gases, but the 85 
production procedures employed have in 
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many instances been relatively long, in- 
volved and complicated. Moreover, the 
permeability of these finished fuel bodies 
in some instances has still been undesirably 
5 high in view of the contemplated use of 
such fuel bodies in the reactors for long 
periods of continuous operation. Accord- 
ingly, it is desirable to provide a relatively 
simple, effective method of producing a 

10 solid fuel body for a nuclear reactor, par- 
ticularly of the high temperature type, which 
nuclear fuel body is capable of operating 
over long periods of time at temperatures 
in excess of about 1000° C. while allowing 

15 a very low rate of migration of gaseous fis- 
sion products therefrom. 

Accordingly, it is a primary object of 
the present invention to provide an im- 
proved solid, high temperature nuclear fuel 
• 20 body. It is a further object of the present 
invention to provide an improved solid, nuc- 
lear fuel body incorporating nuclear fuel in 
a moderating matrix, which fuel body has 
very low permeability to fission product 

25 gases. It is a still further object of the pre- 
sent invention to provide a solid high tem- 
perature nuclear fuel body which has im- 
proved durability and stability for use in a 
nuclear reactor at temperature in excess of 

30 about 1000° C. and a method of making 
the same. It is another object of the pre- 
sent invention to provide a simple, effec- 
tive method of producing a solid nuclear 
fuel body for a high temperature nuclear 

35 reactor, which method preserves the integrity 
of the nuclear fuel during fabrication of the 
fuel body. 

Further objects and advantages of the 
present invention will be apparent from a 

40 study of the following detailed description. 
Now more particularly considering the 
individual steps of the method of the pre- 
sent invention, nuclear fuel particles, such 
as uranium dicarbide (UC 2 ) and /or thorium 

45 dicarbide (ThQj), in the enriched or unen- 
riched form (that is, with or without fissile 
material such as U 23S ), are coated with a 
protective layer of pyrolytic carbon. The 
pyrolytic carbon coating can be applied to 

50 the individual fuel particles (which may be 
of any desired average size, for example 
100—300 microns) by any suitable tech- 
nique. For instance, the particles can be 
suspended or otherwise disposed in an atmo- 

55 sphere of hydrocarbon gas, e.g. methane, in 
a heating zone and the temperature in said 
zone then raised above the decomposition 
point of the gas, about 1400—1800° C. for 
methane. Upon decomposition of the hy- 

60 drocarbon gas, carbon is deposited on the 
surfaces of the fuel particles. Preferably 
this procedure is earned out until a layer 
of pvrolytic carbon, approximately at least 
35 microns thick, wholly encases each of the 

65 fuel particles. The pyrolytic carbon coat- 



ing protects the nuclear fuel against de- 
bilitation by and reaction with water and 
other leactive products normally present 
during certain of the subsequent steps of 
the present method, such as those from the 70 
curing and carbonizing of the polymerisable 
impregnant. 

Although nuclear fuel carbide particles 
coated with the pyrolytic carbon can be pre- 
pared in any suitable manner, a preferred 75 
technique for such production is more par- 
ticularly described in application No. 
12185/63 (Serial No. 1,015,301). This 
technique, involves the production of nuc- 
lear fuel carbides in spherical form prefer- 80 
ably having an intermediate protective layer 
of graphite between the surface of the nuc- 
lear fuel and an outer pyrolytic carbon coat- 
ing. In accordance with this technique, 
finely divided nuclear fuel, preferably oxide 85 
in form, is initially mixed with an amount 
of finely divided carbon necessary to con- 
vert the fuel to the dicarbide form. The 
mixture is formed into particles of desired 
size, as by slurrying with a carbonaceous 90 
binder and solvent, compacting, drying and 
granulating. The resultant particles are then 
disposed in a bed of finely divided graphite 
where they are spaced from one another to 
prevent agglomeration thereof. 95 

These particles are then first heated to a 
temperature above their carburization point, 
eg., about 1800—1900° C. When carburi- 
zation has taken place, the temperature is 
raised to above the melting point of the par- 100 
tides, e.g., about 2400° ~C, in order to 
spheroid ize them. It must be understood 
that the temperatures used will depend on 
the particular nuclear fuels employed. Upon 
gradual cooling to ambient temperature and 105 
removal from the graphite bed, spheroid ized 
nuclear fuel particles are obtained which 
comprise fuel carbide particles, the surfaces 
of which are coated with graphite, (from the 
graphite bed). These spheroidal particles 110 
are then treated, as previously described, to 
deposit a protective outer coating of pyro- 
lytic carbon over the graphite layer. . 

An improvement of the just-described 
technique is set forth in application No. 115 
23104/63 (Serial No. 1,032,107). In this 
improved method of forming the nuclear 
fuel particles, a concentration of finely di- 
vided carbon is initially mixed with the nuc- 
lear fuel, which concentration is in excess 120 
of the stoichiometric amount necessary to 
form the nuclear fuel dicarbides. Prefer- 
ably, the amount of carbon is also in excess 
of that amount which will dissolve in the 
nuclear fuel at any temperature up to and 125 
including the contemplated maximum tem- 
perature which will be encountered when 
the fuel is employed in a nuclear reactor 
(e.g. about 2400° C). Thus, absorption in- 
to the nuclear fuel of a portion or of all 130 
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of the pyrolytic carbon coating disposed 
around each of such particles is prevented, 
thereby maintaining the integrity and pro- 
jective nature of the pyrolytic carbon coat- 
5 ing and also of the intermediate graphite 
layer, where present. 

In accordance with the present invention, 
following the disposition of the pyrolytic 
carbon coating upon the surfaces of the in- 
10 dividual nuclear fuel carbide particles, the 
fuel particles are incorporated into a graph- 
ite matrix in a manner to provide a nuclear 
fuel body having a pore diameter of not 
more than about 2 microns (as measured by 
15 mercury intrusion porosimetry). This can 
be accomplished in any suitable manner, 
but preferably involves a hot pressing tech- 
nique such as that more fully described in 
United States Patent No. 3,031,389. 
20 According to the preferred hot pressing 
technique, a mixture of nuclear fuel dicar- 
bide, a finely divided graphite and a car- 
bonaceous binder material, preferably pitch, 
is prepared. The mixture incorporates a 
25 sufficient concentration of graphite so that 
the nuclear fuel particles are uniformly dis- 
persed in the graphite and are at an aver- 
age distance from one another consistent 
with nuclear considerations. For example, 
30 the graphite powder may be present in the 
mixture in an amount of at least about 60 
percent, of the combined weight of the nuc- 
lear fuel and graphite. The pitch or other 
carbonaceous binder should be present in a 
35 low concentration, but sufficient to facili- 
tate shaping of the mixture to desired form. 
It has been found that, for most purposes, 
a concentration of about 5 — 15 percent by 
weight of pitch or a like binder is sufficient 
40 for the intended purposes. 

Li order to assure uniform distribution 
of the nuclear fuel particles with respect to 
the graphite and pitch, it is desirable to 
slurry the mixture in a vaporizable organic 
45 solvent for the binder, gradually evaporat- 
ing or otherwise removing the solvent while 
agitating the particles and graphite. A wet 
aste can thus be obtained, which can then 
e preliminarily, lightly pressed to shape, 
50 dried and then hot pressed. Alternately, the 
paste can be dried, ground to particulate 
form, and then hot pressed. 

The hot pressing can be carried at any 
suitable temperature and pressure, prefer- 
55 ably at about 700—900° C. i.e. above the 
decomposition point of the pitch, and at a 
pressure of over 2000 psi, preferably 3000— 
4000 psi., in a suitably shaped die. Also, 
the hot pressing is preferably performed 
60 under a blanket of inert gas, such as argon, 
krypton or the like, or under a vacuum. 
The hot pressing technique can be utilized 
to provide a nuclear fuel body in any de- 
sired size and shape, for example, cyUndri- 
65 cal, spherical or the like. 



The formed fuel body contains the in- 
dividual nuclear fuel carbide particles uni- 
formly dispersed in a graphite matrix. 

For the purposes of the present invention, 
pyrolytic carbon coated nuclear fuel par- 70 
tides are employed in such a technique, and 
the maximum micron size of the graphite 
employed for the matrix of the fuel body is 
small, not more than about 50 microns, con- 
siderably smaller than the usual micron size 75 
cf a graphite powder. For this purpose, 
commercial graphite powder can be ground 
to the indicated size. The nuclear fuel body 
sc formed should have a maximum pore 
diameter of about 2 microns. The indi- 80 
cated small pore diameter is necessary for 
the purposes of the present invention in or- 
der to assure a very low gas permeability 
for the finished fuel body and to minimize 
the number of gas permeability-reducing 85 
steps required to produce the desired low 
gas permeability. 

The thus-produced nuclear fuel body is 
then treated to reduce the gas permeability 
thereof to a very low level. In accordance 90 
with the present invention, an initial gas per- 
meability for the nuclear fuel body, for ex- 
ample of about 10~ 2 cm 2 per sec. (calculated 
on the basis of permeability to helium at 
room temperature), can be reduced, for ex- 95 
ample, to lO^cm 2 per sec. Such a permea- 
bility is sufficiently low so as to minimize 
gaseous fission product migration from the 
nuclear fuel body during use in a high tem- 
perature nuclear reactor. 100 

The permeability of the nuclear fuel body 
is reduced by impregnating it with a poly- 
merizable substance which will fill the pores 
of the body and which can be later cured 
and carbonized. The pyrolytic carbon coat- 105 
ing, which has been applied to the indi- 
vidual fuel particles, serves to shield the 
fuel from any reaction with the products 
from an organic, polymerizable substance, 
thereby allowing such a permeability-reduc- 110 
ing step to be used. The preferred tech- 
nique for reducing the fuel body permea- 
bility is that more particularly described in 
application No. 31369/62 (Serial No. 
1,014,891). This described technique is 115 
directed to the production of low gas per- 
meability carbon bodies for use in nuclear 
reactors and for other applications. It has 
now been found that such a technique is 
also highly suitable for use in the produc- 120 
tion of the improved nuclear fuel body in 
accordance with the present invention. 

Such a technique can be successfully em- 
ployed in the present method by first im- 
pregnating the nuclear fuel body with a poly- 125 
merizable, decomposable substance such as 
a mixture of maleic anhydride and furfuryl 
alcohol and then, if desired, clearing a por- 
tion of the filled pores of the fuel body. 
Next the fuel body is slowly heated to a 130 
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sufficient temperature to cure the impreg- 
nant in the pores thereof. Subsequently, the 
temperature is raised to a still higher tem- 
perature to carbonize the polymerized im- 
5 pregnant. The treatment cycle of impreg- 
nating, partial pore-cleaning, curing and car- 
bonizing, is repeated until the desired low 
gas permeability is produced in the "nuclear 
fuel body. Finally, the carbonized substance 

10 Ls heat-treated. It has been found that re- 
duction of the gas permeability of the nuc- 
lear fuel body to an acceptably low gas per- 
meability of about lO^cm 2 per sec. can or- 
dinarily be accomplished in two gas per- 

15 meability-reducing treatment cycles, pro- 
vided that the initial maximum pore dia- 
meter of the nuclear fuel body does not ex- 
ceed about 2 microns. Such initial maxi- 
mum pore diameter is dependent to a con- 

20 siderable extent on the average micron size 
of the graphite particles utilized in forming 
the matrix of the nuclear fuel body, as pre- 
viously described. The method of forming 
the nuclear fuel body itself can be controlled 

25 to provide a nuclear fuel body with the in?, 
dicated maximum pore diameter when the 
graphite particles of the matrix of the fuel 
body are selected from a fraction 98% of 
which will pass through a 200 mesh screen. 

30 in the gas permeability-reducing treat- 
ment cycle, the pores of the nuclear fuel 
body are first impregnated with the desired 
polymerizable, carbonizable substance. Such 
a substance, as previously indicated, may 

35 comprise maleic anhydride and furfuryl 
alcohol (preferably in a ratio of 1 mol 
maleic anhydride to 10 mols furfuryl alco- 
hol). Alternatively, but less preferably, 
such other polymerizable substances as a 

40 furfural and phenol mixture or divinyl ben- 
zene can be utilized. The viscosity of the 
polymerizable substance is controlled so as 
to facilitate selective filling of the larger 
pores first and is therefore regulated accord- 

45 in» to the average size of the pores to be 
filled. 

The initial permeability-reducing cycle 
may employ an impregnant of somewhat 
higher viscosity than that employed in sub- 

50 sequent treatment cycles. In this manner, 
the larger pores of the nuclear fuel body are 
first filled and the smaller pores are filled in 
subsequent treatment cycles. However, it 
has been found that since the average in- 

55 iiial pore diameter of the nuclear fuel body 
is relatively small, the first and subsequent 
permeability-reducing cycles may all be con- 
ducted utilizing impregnants of approxi- 
mately the same viscosity. It is preferred to 

60 employ in such cycles polymerizable sub- 
stances with a viscosity of from about 200 
cps to about 2000 cps. The viscosity of the 
polymerizable substance can be controlled by 
the use of a viscosity-increasing additive or 

65 by the use of an impregnant having a greater 



initial degree .of polymerization. For the 
purposes of the present invention, a mixture 
of commercially available maleic anhydride 
and furfuryl alcohol, within the indicated 
desired viscosity range, can be utilized sue- 70 
cessfully. 

The pore-filling step can be carried out 
in any suitable manner, as by immersing all 
or a portion of the nuclear fuel body in a 
bath of the polymerizable substance. The 75 
speed and uniformity of pore-filling can be 
somewhat increased by first degassing the 
body and then using pressure to force the 
polymerizable substance into the pores of 
the nuclear fuel body. Impregnation of the SO 
nuclear fuel body to a distance of about 
one-eighth inch below the surface thereof 
is ordinarily sufficient to produce the ulti- 
mate desired reduction in gas permeability 
of the nuclear fuel body. 85 

The partial pore-clearing step of the per- 
meability reducing cycle can then be carried 
out in a manner to clear the impregnant 
from preferably about 3 to about 10 percent 
of the pores filled in the initial cycle. The 9 0 
pore clearing is carried out to provide chan- 
nels throughout the impregnated portion of 
the fuel body through which gases evolving 
from the impregnant during the subsequent 
curing and carbonizing steps of the cycle 95 
can readily pass. Localized gas pressure 
build-up at points in the impregnated por- 
tion of the fuel body is thereby avoided, thus 
eliminating anv cracking and'spalling of the 
fuel body. " 100 

The partial pore-clearing step can, for ex- 
ample, be carried out by blowing air into 
the impregnated portion of the fuel body, 
or preferably by creating a pressure differ- 
ential across opposite coated faces of the 105 
fuel body. The pressure differential is em- 
ployed so that pore channels throughout the 
impregnated fuel body are cleared or par- 
tially cleared of the polymerizable substance. 

In accordance with the gas permeability- HO 
reducing technique, the fuel body is then 
subjected to a, curine step, i.e., it is heated 
to a temperature sufficiently high so that the 
polymerizable substance in the pores there- 
of is polymerized or set. The particular 115 
temperature and time employed in carrying 
out such step will depend on the particular 
polymerizable substance utilized. Tn most 
instances, curing can take place at a rela- 
tively low temperature for example, 60° C. 120 
to 100° C. in the case of a mabic^anhy- 
dride-furfuryl alcohol mixture. &ane£ or 
lower curing temperatures may be errrpioyed. 
In selecting a curing temperature, one which 
permits relatively rapid curing is preferred, 125 
provided that carbonization is not simultan- 
eously effected, and further provided that 
evolution of gaseous products is not suffi- 
ciently rapid to substantially increase the 
danger of cracking of the fuel body during 130 
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the curing operation. The coating of pyro- 
lytic carbon about the fuel carbide pro- 
tects the fuel from any adverse reaction with 
the water or gases given off during curing. 
*> lnus, the provision of such coated fuel par- 
tides allows this porosity-lowering step to 
be earned out without debilitating the fuel 
In carrying out the pore-filling, pore- 
clearing, curing, carbonizing and heat-treat- 
w mg steps, treatment times and temperatures 
can be employed as called for in the pre- 
viously mentioned application No. 31369/62 
(Serial No. 1,014,891). 
i K r ^ f J er the ^P^ant in the pores of the 
15 fuel body has thoroughly cured, carboniza- 
tion is next effected. The carbonizing tem- 
perature is selected on the basis of the im- 
pregnant to be carbonized and also upon the 
rate of carbonizing desired. Carbonizing re- 
M suits in the evolution of water vapor and 
other gases so that the rate of carbonizing 
must be sufficiently slow to prevent crack- 
ing of the fuel body due to build up of local- 
ok ^"rt^al pressures of such gases. Thus, 
& the heating is regulated so that gases are 
produced at a sufficiently slow rate that they 
can pass from the fuel body through the 
cleared pores without any substantial pres- 
sure build-up. The carbonizing tempera- 
w ture is maintained until evolution of water 
and gases has substantially ceased. During 
such evolution of water vapor and other 
gases, the nuclear fuel within the fuel par- 
tides of the fuel body is effectively pro- 
<*5 tected therefrom, as previously stated by 
means of the pyrolytic carbon coating 
around each of the particles. Thus, no de- 
bilitation of the nuclear fuel by such gases 
occurs, and accordingly, the integrity of the 
40 nuclear fuel is preserved throughout the en- 
tire permeability-reducing treatment. 

The completion of the initial carbonizine 
step completes the first cycle of the per- 
meability-reducing treatment. A second 
45 cycle which may be substantially identical 
to the first cycle may then be carried out 
after the fuel body has first been allowed to 
gradually cool to about ambient tempera- 
*n tU «' . This second impregnation should be 
50 sufficient to fill enough of the remaining un- 
filled pores at the surfaces of the fuel body 
to assure reduction of the gas permeability 
of the fuel body to a desirably low level, 
lor example to the previously indicated per- 
55 meabihty of about 10-*cm 2 per sec. The 
partial pore-clearing step can be eliminated 
during the second cycle of treatment, pro- 
vided that the curing and carbonizing steps 
are carefully carried out with a sufficiendy 
ou gradual temperature increase to substan- 
tially eliminate the danger of cracking of 
the fuel body. Even after the second im- 
pregnation, not all of the smallest pores will 
yet be filled. These pores will adequately 
65 serve as channels for the evolving gases pro- 



duced during the subsequent curing and car- 
bonizing steps so long as such evolution is 
sufficiently slow. 

# As a final step, the fuel body is sub- 
jected to a heat-treating operation. The 70 
heat-treating operation can be carried out 
in any suitable' manner, utilizing tempera- 
tures, times and equipment as called for, 
for example, in copending application No.- 
31369/62 (Serial No. 1,014,891) or any other 75 
comparable technique for the in situ con- 
version of carbon to graphite. However, 
because of the presence of the fuel particles, 
the heat-treating should not be carried out 
at temperatures in excess of 2000° C. It is 80 
undesirable to have the fuel particles melt 
during this step and lose their pre-formed 
configurations. 

Subsequent to the heat-treating, the fuel 
body is slowly cooled to ambient tempera- 85 
ture and is then ready for use as a finished 
product. It can be directly incorporated 
into a high temperature nuclear reactor of 
the HTGR or other type and is capable of 
substantially retaining gaseous fission pro- 90 
ducts at temperatures in excess of 1000° C. 
over extended periods of time. Moreover 
it is durable and stable. 

The following Example further illustrates 
certain features of the present invention. 95 

Example 

t A quantity of nuclear fuel carbide par- 
ticles containing approximately equal parts 
or thorium dicarbide and uranium dicarbide 
and having an average particle size of about 100 
150 microns were each coated with a wholly 
enclosing layer of pyrolytic carbon, the layer 
being approximately 50 microns thick The 
coating operation was performed by rieatine 
the particles to about 1500° C in a methane 105 
atmosphere in a suitable furnace 

One part, by weight, of the pyrolytic car- 
bon-coated particles were then mixed with 
about 3 parts, by weight, of 200 mesh 
graphite powder and about. 0.3 part, bv HO 
weight of pitch. The resulting mass was 
then placed in a graphite die in a press and 
heated jn a vacuum to about 700° C. while 
being subjected to a pressure of about 4000 
PSL The hot pressing was carried out for 115 
a period of about 30 minutes, at the end 
of which time the resulting fuel body was 
cooled to ambient temperature. The fuel 
body produced had a maximum pore dia- 
meter of less than 2 microns. Next, the 120 
hot-pressed fuel body was degassed at a 
pressure of 1 inch of mercury for 2 hours 
and then immediately immersed in a mix- 
ture of furf uryl alcohol and maleic anhy- 
dride, 10 mols to 1 mol respectively. After 125 
immersion in the mixture for 16 hours, the 
fuel body was withdrawn from the bath 
wiped free of excess impregnant, and sub- 
jected to a stream of air at ambient tem- 
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perature. Approximately 5 percent of the 
filled pores of the fuel body were cleared 
of impregnant. Thereafter, the impregnant 
' was cured at 60° C. for 16 hours; then the 
5 temperature was raised to 100° C for 5 
hours. The body was then moved to a car- 
bonization furnace where it was heated to 
500° C. at a temperature rate of 13° C. per 
hour. From 500° C, the temperature was 
10 raised to 900° C. at a rate of 50° C. per 
hour. 

The fuel body was again impregnated in 
the previously described manner and sub- 
jected to similar curing and carbonizing 

15 steps. However, this time the pore-clearing 
step was eliminated. Next the fuel body 
was heat-treated by slowly heating to 1900° 
C. and maintaining this temperature for 30 
minutes. Finally, the body was cooled to 

20 ambient temperature. The resulting pro- 
duct was found to be crack-free and to have 
a gas permeability of less than lO^cm 2 per 
sec. It was of uniform size and shape and 
was hard and dense. The body was found 

25 to be durable and stable in use. Metal- 
lurgical examination indicated that the nuc- 
lear fuel particles within the fuel body had 
not been debilitated by the permeability- 
reducing treatment and that the pyrolytic 

30 carbon coatings thereon were intact. 

The preceding Example clearly illustrates 
that improved nuclear fuel bodies incorpor- 
ating nuclear fuel carbides in a graphite ma- 
trix and exhibiting a low gas permeability 

35 along with suitable durability and stability 
can be readily produced in a relatively 
simple yet effective manner. These fuel 
bodies have particular application in high 
temperature nuclear reactors, and offer effi- 

40 cient performance, including a high degree 
cf fission product retention and durability 
and stability over an extended period of 
time. Further advantages of the present in- 
vention are as set forth in the foregoing. 

45 WHAT WE CLAIM IS:— 

1. A method of making a solid nuclear 
fuel body having low gas permeability, which 
method comprises the steps of coating in- 
dividual nuclear fuel particles with a pro- 

60 tective layer of pyrolytic carbon, substan- 
tially uniformly dispersing said particles 
within a matrix of finely divided graphite, 
compacting the resultant mixture to a solid 
fuel body, impregnating a portion of the 

55 pores of said fuel body with a polymeriz- 
able substance, curing and carbonizing said 



substance, repeating said impregnating, cur- 
ing and carbonizing until the gas permea- 
bility of said fuel body is substantially re- 
duced, and thereafter heat-treating said fuel 60 
body to partially graphitize said carbonized 
substance within the pores of said fuel body. 

2. The method of Claim 1 including 
clearing said polymcrizable substance from 
between 3 to 10 percent of the impregnated 65 
pores before said curing and carbonizing 
steps. 

3. The method of Claim 2 wherein said 
finely divided graphite is 200 mesh graphite 
powder. ?0 

4. The method of Claim 3 wherein said 
compacting is carried out under sufficient 
pressure to provide a fuel body haying a 
maximum pore diameter of about 2 microns. 

5. The method of Claim 4 wherein said 75 
polymerizable substance is a mixture of 
maleic anhydride and furfuryl alcohol and 
wherein the gas permeability of the fuel 
body is reduced to about 10" a cm 2 per sec. 

6. A solid, high temperature nuclear fuel ™ 
body having low gas permeability, which 
fuel body comprises a plurality of nuclear 
fuel particles, each of said particles being 
wholly enclosed in a protective pyrolytic 
carbon coating, a graphite matrix in which 85 
said particles are substantially uniformly 
dispersed, and a cured, carbonized and par- 
tially graphitized polymerisable substance 
filling a substantial portion of the pores 
within a distance of at least one-eighth inch 90 
of the surface of said fuel body so that said 
fuel body has a substantially reduced gas 
permeability as compared with a non-im- 
pregnated graphite body. 

7. The solid fuel body of Claim 6 where- 95 
in said nuclear fuel comprises nuclear fuel 
carbide and wherein said fuel body has a 
gas permeability of about 10~ 6 cm 2 per sec. 

8. A method of making a solid nuclear 
fuel body substantially as hereinbefore set 100 
forth. 

9. A method of making a solid nuclear 
fuel body as set forth in the foregoing 
Example. 

10. A solid nuclear fuel body made by 105 
the method as claimed in claim 8 or claim 

9. 
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